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Pncreased Postural Sway in Control
ubjects With Poor Orthostatic Tolerance
ictoria E. Claydon, PHD, Roger Hainsworth, MB, PHD, DSC
eeds, United Kingdom
OBJECTIVES This study sought to evaluate postural sway in control subjects with good and poor orthostatic
tolerance (OT).
BACKGROUND Some asymptomatic volunteers, when subjected to a progressive orthostatic stress test, show
early presyncope. We hypothesized that normal subjects with poor OT do not usually faint
because they adopt a strategy of increased lower limb movement, which helps maintain
venous return.
METHODS In 12 asymptomatic subjects with good OT and 11 with poor OT, assessed by the combined
orthostatic stress of head-up tilting and lower body suction, we determined postural sway
using a force platform after 1, 5, and 10 min of motionless standing.
RESULTS The subjects with poor tolerance had greater distances and velocities of sway in the
anteroposterior direction but not the mediolateral direction. There was a significant negative
correlation between postural sway and orthostatic tolerance.
CONCLUSIONS We have shown that in normal subjects with poor OT during a passive orthostatic stress test,
their leg movements tend to be greater when standing. These movements are likely to
enhance venous return and may at least partly explain why, despite their poor test results, they
do not normally faint. (J Am Coll Cardiol 2005;46:1309–13) © 2005 by the American
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.07.011College of Cardiology Foundation
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(nexplained syncope is a common clinical problem (1).
atients with unexplained syncope are commonly investi-
ated by head-up tilting, often with vasodilator agents (2,3).
owever, the use of such agents has the disadvantage that
alse-positive results may frequently be obtained in entirely
symptomatic subjects (4). We have extensive experience of
test that combines head-up tilting with lower body suction
5) and have found it to induce earlier presyncope in patients
ith convincing histories than in asymptomatic subjects (6).
evertheless, there are some subjects who have never
ainted but who have early syncope during this orthostatic
tress test. This may be explained by the different stimulus
rovided by the orthostatic stress test compared with normal
tanding. Tilt testing minimizes the normal leg movements,
nd thus inactivates the skeletal muscle pump. During
ormal standing, however, postural muscles are continually
eciprocally activated, and this would enhance venous return
7). Thus, our hypothesis is that asymptomatic subjects who
ever normally faint but who develop early syncope during
rthostatic stress testing subconsciously adopt a strategy of
ncreased leg movements to compensate for their poor
olerance. Subjects with good tolerance to orthostatic stress
o not require excessive limb movements, so their postural
way is likely to be less.
ETHODS
ubjects. Subjects were recruited from staff and students at
eeds University and the Leeds General Infirmary. All were
From the University of Leeds, Institute for Cardiovascular Research, Leeds, United
ingdom.G
Manuscript received February 2, 2005; revised manuscript received May 31, 2005,
ccepted June 6, 2005.pparently healthy and were taking no medication, and none
ad a history of fainting. All subjects gave written informed
onsent. The study was approved by the local Research
thics Committee and was performed in accordance with
he Declaration of Helsinki (2002) of the World Medical
ssociation. Since it is uncommon for healthy, asymptom-
tic controls to have poor OT, control subjects with poor
T were identified from the control limb of research studies
ndertaken in our laboratory over the previous six years.
hey were then matched as closely as possible with control
ubjects with good OT. Subject characteristics can be seen
n Table 1.
rocedure. Tests were performed in the morning in a
emperature-controlled laboratory (22°C to 24°C). Subjects
bstained from alcohol and caffeine from the previous night
nd ate only a light breakfast. The orthostatic stress test was
erformed first, and then postural sway recordings were
erformed at least 24 h later.
rthostatic stress test. Orthostatic tolerance (OT) was
etermined using combined head upright tilting and lower
ody suction (5). Briefly, while we monitored the electro-
ardiograph (Hewlett Packard 78325C, Boebringen, Ger-
any) and blood pressure (Finapres, Ohmeda, Wisconsin),
he subject rested supine for 20 min. The subject was then
ilted by 60° for 20 min. Finally, while tilted, lower body
uction was applied at 20 and 40 mm Hg for 10 min
ach, or until onset of presyncope (systolic pressure 80
m Hg and symptoms of presyncope). The OT was
ssessed as time from the start of tilting until presyncope
ccurred. During the test, brachial artery blood flow
elocity was determined using the Doppler technique
Multi-Dop X4, TCD-8.01, DWL Elektronische System
mbH, Sipplingen, Germany) (8). Forearm vascular
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Postural Sway and Syncope October 4, 2005:1309–13esistance was calculated from blood pressure divided by
lood flow velocity. Subjects were classified as having
ood or poor OT according to previously published pre-
icted values (5).
ostural sway dynamics. A computerized biomechanics
easuring system determined both distance and velocity of
ostural sway movements in the anteroposterior and me-
iolateral directions (AMTI force platform, model OR6-
-1, Advanced Mechanical Technology, Inc., Watertown,
assachusetts) (9,10). Subjects were instructed to stand still
n a standardized position on the platform with their eyes
pen. There were no horizontal or vertical visual cues within
he visual field, and no auditory cues. Measurements were
erformed for 30-s time periods after 1, 5, and 10 min of
otionless standing.
tatistical analysis. Statistical analyses were performed
sing GraphPad Instat version 3.00 for Windows 95
GraphPad Software, San Diego, California). Data are
xpressed as mean  standard error of the mean. Compar-
sons between the two groups were performed using un-
aired student t tests. Correlations between variables were
erformed using the Pearson correlation coefficient. Statis-
ical significance was assumed at the level of p  0.05.
ESULTS
T and group characteristics. On the basis of their OT,
ubjects were divided into two groups as described in Table
. As a result of prespecified matching, there were no
ignificant differences in age or gender between the two
roups. There were also no differences in height, weight, or
ody mass index between the two groups. By definition,
hose with good OT had significantly greater times to
resyncope than those with poor OT (p  0.001).
ardiovascular responses to orthostatic stress. There
ere no significant differences in the supine systolic, dia-
tolic, or mean arterial pressures between groups (mean
Abbreviations and Acronyms
NS  not significant
OT orthostatic tolerance
able 1. Subject Characteristics of the Two Groups
Good OT Poor OT
Unpaired
t Test
12 11 NS
T (min) 36.7  2.1 18.9  1.8 p  0.001
ge (yrs) 31.8  3.9 26.9  1.8 NS
ale:female 6:6 6:5 NS
eight (cm) 171.9  2.8 176.2  2.4 NS
eight (kg) 69.9  4.1 70.2  3.5 NS
MI 23.5  0.9 22.5  0.7 NS
here were no significant differences (NS) between the two groups in terms of age,
ender distribution, height, weight, or body mass index (BMI), indicating that subjectd
atching was effective. By definition, those with good orthostatic tolerance (OT) had
onger times to presyncope than those with poor OT (p  0.001).rterial pressure: poor OT, 84.9  2.4 mm Hg; good OT,
4.8  3.0 mm Hg; not significant [NS]). Supine heart
ates were also similar. Blood pressures at termination of the
ests were also similar (good OT, 75.0  3.8/47.6  2.5
m Hg; poor OT, 78.8  2.7/42.1  2.6 mm Hg; NS).
ubjects with poor OT, however, developed smaller maxi-
al increases in forearm vascular resistance (Fig. 1A). We
lso found a significant positive correlation between OT and
he maximum vascular resistance response (R2  0.428; R
0.654; p  0.001), whereby those individuals with the
reatest OT showed the most powerful vasoconstriction
Fig. 1B).
ostural sway. The distance and velocity of movement in
ediolateral and anteroposterior directions and the total
istance or velocity of movement after 1, 5, and 10 min of
tanding can be seen in Table 2. The subjects with poor OT
howed greater sway in all parameters than those with good
T. This was particularly apparent in the anteroposterior
igure 1. (A)Maximum vascular resistance response to orthostatic stress in
he two groups and (B) correlation between the maximum vascular
esistance response to orthostatic stress and orthostatic tolerance (OT).
he maximum vascular resistance response was expressed as percentage
hange from the supine level. There was a trend for the maximum vascular
esistance response to be larger in the group with good orthostatic
olerance, but this was not statistically significant (A). There was a
ignificant positive correlation between the maximum vascular resistance
esponse and orthostatic tolerance (B).irection (Fig. 2).
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October 4, 2005:1309–13 Postural Sway and SyncopeWe found a significant negative correlation between OT
nd distance moved anteroposteriorly (p  0.05), total
istance moved (p  0.05), velocity moved anteroposteri-
rly (p 0.05), and the mean velocity (p 0.05) after 5 and
0 min of standing (Fig. 3). We also found a significant
egative correlation between the maximum vascular resis-
ance response and the distance and velocity of movement in
able 2. Distance and Velocity Moved in the Two Groups
Good OT
Distance (mm) Velocity
inute 1
Mediolateral 109.5  15.7 3.6
Anteroposterior 136.9  8.9 4.6
Total 217.1  14.5 7.3
inute 5
Mediolateral 112.8  17.9 3.8
Anteroposterior 146.3  11.7 4.9
Total 228.8  17.0 7.6
inute 10
Mediolateral 123.3  19.8 4.2
Anteroposterior 145.7  13.1 4.9
Total 237.3  22.6 7.9
ata show the distance moved mediolaterally, anteroposteriorly, or total distance mo
ifferences between groups denoted by *(p  0.05) and †(p  0.02).
igure 2. Distance and velocity of movement after 10 min of standing. The
istance moved anteroposteriorly and the total distance moved were
ignificantly greater in those with poor orthostatic tolerance (OT) (A). The
elocity of movement anteroposteriorly and the mean velocity of move-
ents were also significantly greater in those with poor orthostatic
olerance (B). Open bars  good OT; solid bars  poor OT.
v
the anteroposterior direction (p 0.05) after five minutes of
tanding (Fig. 4).
Multiple regression analyses ofOTwith themaximumvascular
esistance response and the parameters of postural sway showed
hat both vascular resistance (p 0.01) and anteroposterior sway
both the velocity and distance moved, p 0.05) after 10 min of
tanding were correlated with OT independently of each other.
Poor OT
· s1) Distance (mm) Velocity (mm · s1)
125.8  14.9 4.2  0.5
190.4  29.5 6.4  0.9
276.2  27.1 9.2  0.9
141.5  14.6 4.7  0.5
286.6  61.9* 9.6  2.1†
374.1  55.1† 12.5  1.9†
131.0  12.8 4.4  0.4
258.2  45.8† 8.6  1.5†
337.2  41.8* 11.3  1.4*
ll parameters recorded were greater in poor orthostatic tolerance (OT). Significant
igure 3. Correlation between the distance and velocity of movement after
0 min of standing and orthostatic tolerance. There was a significant
orrelation between the distance moved anteroposteriorly (A) and the(mm
 0.5
 0.3
 0.5
 0.6
 0.4
 0.6
 0.7
 0.4
 0.8elocity of movement in the anteroposterior direction (B) and orthostatic
olerance.
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Postural Sway and Syncope October 4, 2005:1309–13ISCUSSION
e have shown for the first time that healthy individuals
ho do not normally faint, but who have poor OT during
ilt testing, subconsciously adopt a strategy of increased leg
ovement during standing. The associated muscular con-
ractions rhythmically compress leg veins and thereby main-
ain an adequate venous return (7). This would explain why,
espite their tendency toward syncope at an early phase of
ilt testing, control subjects with poor OT who show greater
ostural sway during normal standing do not normally faint.
In this study we assessed OT using combined head-up tilt
nd graded lower body suction. We have considerable
xperience with this technique, which is known to be
ensitive and reproducible (5). It is also relatively specific, in
hat there is little overlap between time to presyncope of
atients with histories of syncope and asymptomatic volun-
eers (6). The results of the present study may seem
ontradictory to the reported high sensitivity and specificity
f this test. However, this is not the case. The subjects with
oor OT in this study were recruited from a large pool of
pproximately 130 volunteers who had participated in the
ontrol limb of other research studies in our laboratory. This
igure 4. Correlation between the distance and velocity of movement after
ve minutes of standing and the maximum vascular resistance response to
he orthostatic stress. There was a significant correlation between the
istance moved anteroposteriorly (A) and the velocity of movement in the
nteroposterior direction (B) and the maximum forearm vascular resistance
esponse.epresents a specificity that is compatible with our earlier sndings. Subjects with good OT were then selected in order
o match, as closely as possible, the subject characteristics of
his group of controls with poor OT.
The greater sway in the subjects with poor OT occurred
ainly in the anteroposterior direction; mediolateral move-
ents were similar. Mediolateral movements mainly involve
high muscles, whereas anteroposterior movements are pri-
arily attributable to antagonistic contraction of the calf
uscles (11). Since the calf would be exposed to the greatest
enous pressures when upright, the enhanced pumping by
uscles in that region should have the greatest effect on
enous return.
There are several possible reasons why our asymptomatic
ubjects might have a poor tolerance to the artificial ortho-
tatic stress imposed by the test. We have previously shown
hat patients with poor OT have smaller increases in
ascular resistance than normal subjects (8), and in this
tudy, we also showed smaller resistance responses in the
oor OT subjects. Another possibility is that those with
oor OT may have smaller plasma and blood volumes, and
hese are also known to influence OT (12). However, what
s unknown is how these subjects have “learned” to sway
ore during standing. Instructing patients who faint to
ncrease muscle contraction in the legs and buttocks is an
ffective way of preventing such attacks (13). However, our
ubjects had not previously fainted and had not received any
dvice on voluntary muscle contractions. One possibility is
hat our subjects may be natural “swayers” and, because they
o not normally stand still, less of a challenge is presented to
lood pressure regulation, and consequently the regulatory
echanisms become less effective. Conversely, the increased
ostural sway in these individuals may be a compensatory
echanism to counteract their smaller reflex responses.
In the subjects with poor OT, sway tended to increase
fter five minutes of standing. This is important because one
f the most common triggers for syncopal reactions is
rolonged standing (14). The greater sway over time would
resumably help to counteract the translocation of fluid to
he lower limb vasculature that occurs in a time-dependent
anner.
It is also noteworthy that individuals known to have an
ncreased susceptibility to postural hypotension and syn-
ope, such as patients with Alzheimer disease (15), patients
uffering from the postural tachycardia syndrome (POTS)
16), or astronauts after prolonged space flight (17), show
nhancement of postural sway. Furthermore, paraplegic and
etraplegic patients who are lacking this skeletal muscle
umping effect are prone to postural hypotension (18).
nterestingly, electrically stimulated leg muscle contractions
n these individuals prevent this orthostatic hypotension (18).
The measurement of postural sway is not an exact science
nd is subjected to a variety of influences. Postural control is
hought to depend on the integration of visual, vestibular,
roprioceptive, and auditory information (10,19,20), and
ay be influenced by various physical factors, including the
ubjects’ age, gender, weight, and height (21). Thus, the
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October 4, 2005:1309–13 Postural Sway and Syncopeubject’s position was standardized, there were no visual or
uditory cues, and physical factors were controlled.
We believe that, although our work makes an interesting
nd possibly relevant association, it does not establish proof
hat greater sway enhances venous return. Measurements of
way do show good within-subject reproducibility, (22), so
ifferences between subjects are likely to be consistent.
evertheless, we do not know from this study the exact
agnitude of the effect of the recorded sway on venous
eturn or on capillary transudation. However, Inamura et al.
23) reported that postural sway, similar to that observed in
he present study, did limit the pooling of blood. It seems
ikely, therefore, that the degree of postural sway is an
mportant factor in preventing posturally related syncope.
ONCLUSIONS
e have shown that healthy volunteers who do not nor-
ally faint but who have poor OT during tilt testing adopt
strategy of enhanced postural sway during normal stand-
ng. The increased leg movement would be likely to con-
ribute to an enhancement of venous return, and this could
xplain why these individuals do not normally faint. We do
ot yet know the role of limb movements in patients who
aint, but these results suggest that encouraging leg move-
ent in such patients is likely to be of benefit.
cknowledgments
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